Surface-enhanced Raman scattering (SERS) based DNA biosensors have considered as 21 excellent, fast and ultrasensitive sensing technique which relies on the fingerprinting ability 22 to produce molecule specific distinct spectra. Unlike conventional fluorescence based 23 strategies SERS provides narrow spectral bandwidths, fluorescence quenching and 24 multiplexing ability, and fitting attribute with short length probe DNA sequences. Herein, we 25 report a novel and PCR free SERS based DNA detection strategy involving dual platforms and 26 short DNA probes for the detection of endangered species, Malayan Box Turtle (MBT) 27 (Cuora amboinensis). In this biosensing feature, the detection is based on the covalent 28 linking of the two platforms involving graphene oxide-gold nanoparticles (GO-AuNPs) 29 functionalized with capture probe 1 and gold nanoparticles (AuNPs) modified with capture 30 probe 2 and Raman dye (Cy3) via hybridization with the corresponding target sequences. 31 Coupling of the two platforms generates locally enhanced electromagnetic field 'hot spot', 32 formed at the junctions and interstitial crevices of the nanostructures and consequently 33 provide significant amplification of the SERS signal. Therefore, employing the two SERS 34 active substrates and short-length probe DNA sequences, we have managed to improve the 35 sensitivity of the biosensors to achieve a lowest limit of detection (LOD) as low as 10 fM. 36 Furthermore, the fabricated biosensor exhibited sensitivity even for single nucleotide base-37 mismatch in the target DNA as well as showed excellent performance to discriminate closely 38 related six non-target DNA sequences. Although the developed SERS biosensor would be an 39 attractive platform for the authentication of MBT from diverse samples including forensic 40 and/or archaeological specimens, it could have universal application for detecting gene 41 specific biomarkers for many diseases including cancer. 42 43 Keywords: Graphene oxide-gold nanoparticles, surface-enhanced Raman scattering, DNA 44 biosensor, Sandwich biosensor, short-length DNA probe, Malayan Box Turtle. 45 46 65 such as Malayan box turtle (MBT). MBT is an endangered and vulnerable turtle species but 66 an attractive item to the illegal wildlife trader due to its huge appeal as an exotic food item 67 and in traditional medicine. Moreover, MBT is a natural scavenger of waste materials, hence 68 carrier of several pathogenic microorganisms, parasites, various toxins, and heavy metals 69 (Ali et al. 2016; Green et al. 2010). Therefore, consumption of or contact with this turtle 70 and/or turtle-derived materials in food chains and medicines have significant health 71 concerns which urge for the reliable authentication technique for this turtle species to 72 restrict health hazards, as well as to prevent or reduce illegal trades. 73 SERS has emerged as the most powerful analytical technique for the fast and ultra-74 sensitive detection of DNA with single molecule differentiations by providing intrinsic 75 chemical information and vibrational fingerprints of each molecules (Nie and Emory 1997; 76 Xu et al. 2015). It has certain advantages over fluorescence, spectroscopic, electrochemistry 77 and some other techniques. For instance, no photo-bleaching from the Raman tags or 78 Raman scattering compound, availability of large number of Raman labels which have 79 broaden up the scope to select the right label according to the experimental design 80 applications, unique spectral fingerprint from the Raman tag upon laser excitation and the 81 narrow spectrum peak widths that opens up the opportunity of high level multiplex 82 detection (Kneipp et al. 2006; Zhang et al. 2010). SERS phenomenon can be explained by the 104 AuNP hybrid composite and AuNPs as the sensor platforms, could revolutionize the current 105 biosensing techniques for detecting endangered species as well as DNA biomarkers for 106 many diseases including cancer. 107 Herein we develop a novel and PCR free SERS DNA biosensor which utilizes a 108 sandwich platform comprising of GO-AuNPs hybrid for target capture and SERS tagged 109 AuNPs for target detection. The hybridization of target sequence with the capture and 110 detection probe facilitates the covalent agglomeration of the strongly coupled plasmonic 111 AuNPs over GO-AuNPs and thereby exhibits locally enhanced electromagnetic field at the 112 junction. The use of dual platforms thus significantly enhanced the SERS signal due to the 113
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DNA sensing technology has rapidly emerged since last decades to get the biological 48 footprints of every species. Current technologies for DNA identification such as sequencing, 49 microarray and mass spectrometry are labor-intensive, time-consuming and require 50 expensive equipment. In addition, the use of short length DNA probe in the widely accepted PCR based techniques (e.g. sequencing) for the DNA biosensing is often very challenging 52 (Ngo et al. 2016) . While short-length amplicons, typically ≤150 bp in length improve the 53 better recovery of the detection from the degraded DNA specimens or compromised 54 forensic evidence (Turna et al. 2010 . Thus we believe that nanoparticle based 64 DNA sensing technology (e.g. SERS) could be strategic to identify the endangered species two enhancement mechanisms, the electromagnetic and the chemical or charge transfer 84 mechanisms. Electromagnetic enhancement is due to the enhanced electromagnetic fields 85 localized to few nanometers of a nanostructured metallic surface formed by surface 86 plasmon resonances while chemical enhancement results from the resonant charge transfer 87 effects between the metal and the molecule that is strongly chemically adsorbed onto its 88 surface (Khalil et al. 2016; Maher 2012 ). However, nanoparticle-based SERS signaling is 89 mostly dependent on the highly localized regions of intense local field 'hot spots' which is 90 formed in the nanoscale junctions and interstitial crevices of the two or more interacting 91 SERS substrates and consequently provide extraordinary enhancements of up to 10 15 orders 92 of magnitude to the SERS signal (Hao and Schatz 2004; Qian et al. 2008 ). Therefore, metallic 93 nanostructures in different forms such as nanoparticles, nanorod, nanogaps, nanoshells, 94 nanostars, dimers, and many more as well as combination of different materials were 95 utilized to explore the hot spots and employed in DNA sensing as it could greatly increase 96 the Raman cross section of the immobilized biomolecules, leading to a low detection limit (either GO, AuNPs or GO-AuNP hybrid alone). Thus, DNA sensing strategy that uses both GO-endangered MBT species, using a short length DNA capture probe which is a limitation for 116 current PCR based techniques. In our study, the Raman tag was attached directly onto the 117 AuNPs surfaces which minimizes the distance dependent limitations, and produced intense 118 SERS spectra by the charge transfer mechanism between the Cy3 and AuNP surfaces 119 (Wabuyele and Vo-Dinh 2005) . With this greater amplification of the SERS signal generated 120 by the sandwich duplex structure, a detection limit of as low as 10 fM is achieved. 121 Moreover, our dual platform shows excellent sequence specificity and sensitivity to 122 discriminate single-base mismatches. In comparison with other SERS DNA biosensors, our 123 fabricated sandwich biosensor is cost effective and avoids complex manipulation of ssDNA 124 probe without intercalating the Raman tags. We believe that this simple but highly selective, 125 specific and sensitive DNA sensing approach would be useful for wide-range of biosensing 126 applications. : SH-(CH 2 ) 6 -5'-GAT-CAT-TAC-TAG-GCA-C 3'
: 5'CTG-CCT-AAT-CCT-TCA 3'-(CH 2 ) 3 -SH : 5'TGA-AGG-ATT-AGG-CAG-GTG-CCT-AGT-AAT-GAT-C3'
: 5'CAG-GAA-GCC-GAA-TGA-ACA-TTC-GAC-GGC-AGC-T3'
: 5'TGC-AGG-ATT-AGG-CAG-ATG-CCT-AGG-AGA-GAG-C3' The XRD spectra of GO showed a dominant diffraction peak at 2θ = 10.65° corresponding to 266 an interlayer spacing is 8.30 Å (Fig. S1a) The characteristic UV spectrum of GO exhibited a major peak at 232 nm, 276 corresponding to the plasmonic π→π* transitions (C C bonds) ( having the 6-8 mismatches (Table S1) without any existence of Cy3 spectral fingerprint (Fig. 5a) , therefore, suggesting no 407 hybridization event due to lack of bridging target sequences. Therefore, the peak intensity 408 at 1468 cm -1 for the blank sample is being considered as the baseline signal for Cy3 and the 409 obtained spectra is denoted as the true negative. 410 The SERS spectra of the hybridized composite achieved in the presence of non-411 complementary (100% mismatch) and complementary target sequences of the non-target 412 species (cow, buffalo, horse, dog and pig) however, revealed representing GO peaks and in 413 rare cases with very little existence of Cy3 signal (Fig. 5a) . The presence of this very weak 414 Cy3 signal could be considered as false positive, and the intensity is ignored in this study due to the equal or lower signal-to-noise ratio. This little existence of Cy3 spectra might be due 416 to some nonspecific interaction between the fabricated GO-AuNPs-CP1-T and AuNPs-CP2-417 Cy3 composites, however could not produce intense Cy3 SERS signal due to lack of hot-spot 418 generation. This is because hot spots are generally originated at the interstices between via the varying concentration of target DNA. Each Target sample is ten times diluted from its previous concentration to provide a series of target DNA concentration from 10 µM to 1 fM. 459 The SERS intensity was in downward trend with the decreasing concentration of the target 460 DNA from 10 µM to 10 fM ( Fig. S6 and Fig. 5c ). However, there was no/almost 461 indistinguishable Cy3 signal from the hybridized composite for the target concentration 462 below 10 fM. The SERS spectra were background (baseline) corrected, and a standard curve 463 for the intensity of the Cy3 peak at 1468 cm -1 position versus target concentrations was 464 plotted (Fig. 5d ). An R 2 value of 0.96 was obtained from the linear regression analysis of the  A novel and PCR free SERS biosensor was developed for sensitive detection of DNA  Dual platforms induced hot spots were exploited for the amplified SERS signal.
 The lowest LOD of the fabricated dual-platform sandwich biosensor is 10 fM.
 Short length split-probes were aided to achieve selectivity to single-base mismatch level.
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